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ABSTRACT 

Fusion  welding  is  a  widely  used  technique  to  prepare  intermetallic  joints  of  similar  and  dissimilar  metals. 
Tungsten  Inert  Gas  (TIG)  welding  is  a  popular  fusion  welding  technique.  Mechanical  properties  of  a  weldment  are 
supposed  to  be  an  indicator  of  weldment  quality,  in  present  research  the  tensile  strength  of  similar  and  dissimilar 
weldment  of  ASME  SA  213  GR.  Tll  and  BS  3059:1987  PT  1  ERW  320welded  with  TIG  welding  has  been  investigated. 
The  results  revealed  that  maximum  tensile  strength  of  dissimilar  joint  has  been  observed  when  welding  current  and  gas 
flow  rate  was  110A  and  10  Litre/min  respectively  and  the  specimen  was  preheated  at  200°  C.  The  experimental  results 
have  been  statistically  tested  by  using  two  way  ANOVA  and  Multiple  Regression  Analysis.  The  mathematical  predictive 
model  has  been  discussed  based  on  regression  analysis. 
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INTRODUCTION 

The  oldest  technique  to  join  metals  is  undoubtedly  fusion  welding  and  its  role  in  fabrication  industry, 
piping  joints  in  refineries,  ship  building,  aerospace  application,  nuclear  power  plant  fabrication  and  repair  etc.  is 
very  important.  Being  a  versatile  process,  welding  technique  facilitates  joining  of  almost  all  metals,  however  the 
selection  of  appropriate  technique  to  produce  maximum  penetration  in  the  metals  to  be  welded  yields  good  quality 
weld.  Manual  Arc  Welding  (MA),  Metal  Inert  Gas  (MIG)  Welding  and  Tungsten  Inert  Gas  (TIG)  Welding 
techniques  are  among  the  most  commonly  used  welding  techniques  [1].  TIG  welding  is  however  the  most  popular 
technique  as  it  is  capable  of  welding  a  wide  variety  of  metals  [2,  3]  and  almost  in  all  positions  of  welding  [4].  TIG 
welding  finds  its  applications  in  aerospace,  automobile,  marine,  fabrication  sector  industries  [5]. 

LITERATURE  REVIEW 

A  variety  of  researches  have  been  carried  out  on  TIG  welding  techniques  from  different  aspects,  some  of 
them  are  discussed  hereafter  wherein  the  researchers  have  explored  the  effects  of  different  process  parameters  of 
TIG  welding  on  the  weld  quality.  It  is  supposed  that  a  correctly  produced  TIG  welding  joint  possesses 
comparatively  high  quality  than  those  produced  by  the  other  techniques  especially  in  case  of  Stainless  Steel, 
Aluminum,  Magnesium  and  Copper  alloys  [6]  and  [7].  Welding  current  welding  speed,  size  of  tungsten  electrode, 
Size/type  of  filler  wire,  gas  flow  rate  etc.  are  some  process  parameters  influencing  the  quality  of  joint  [8].  It  has 
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also  been  reported  that  a  low  welding  speed  yields  more  tensile  strength  [9].  The  optimum  values  of  welding  current  and 
welding  speed  during  the  TIG  welding  of  low  carbon  steel  and  Aluminium  AA1050  was  reported  to  be  135A  and  3.2  mm/s 
respectively  and  maximum  tensile  strength  with  the  said  combination  was  61.37MPa[10].  Activated  TIG  (A-TIG)  welding 
is  reported  to  increase  the  depth  of  penetration  and  lower  the  weldment  distortion,  welding  current,  welding  speed  reported 
to  have  direct  influence  on  output  parameters  [11]  and  [12]  type  of  current  i.  e.  whether  the  current  used  for  ATIG  is  AC  or 
DC  also  affects  the  mechanical  properties  of  the  weldment[13].  The  optimum  range  of  welding  current,  voltage  and 
welding  speed  for  the  TIG  welding  of  Incoloy  800HT  was  found  to  be  110  A,  12  V  and  1.5  mm/s  respectively  [14].  Fusion 
welding  are  often  associated  with  residual  stresses  due  to  extents  of  heat  affected  zones,  post  welding  heat  treatment  is 
supposed  to  relieve  such  stresses  thereby  improving  weld  quality  and  life.  Post  welding  heat  treatment  at  700°C  for  one 
hour  has  reportedly  improved  the  tensile  strength  of  aerospace  engine  components  by  2.1%  [15].  Considerable  decline  in 
toughness  of  TIG  welded  metals  has  been  observed  with  post  welding  heat  treatment  [16].  Heat  input  is  another  important 
influencing  factor  affecting  microstructure  of  the  weldment,  the  volume  fraction  of  austenite  increases  with  increase  in  heat 
input  [17].  In  spite  of  being  fusion  welding  TIG  welded  joints  possess  comparable  fatigue  strength  with  that  produced  by 
solid  state  welding  techniques,  reportedly  the  fatigue  strength  of  Aluminium  alloy  6061-T6  welded  with  TIG  welding  was 
observed  to  be  almost  similar  to  that  welded  by  friction  stir  welding[18].  Failure  mode  evolution  investigation  has  revealed 
that  critical  strain  for  void  nucleation  is  smaller  and  growth  rate  of  void  is  higher  in  TIG  welded  joints  [19].  The  life  of  a 
weldment  is  influenced  by  the  environmental  factors  of  its  work  envelop,  the  components  employed  in  nuclear  power 
plants  are  subjected  to  thermal  aging  and  the  reported  thermalaging  time  of  TIG  welded  components  employed  in  offshore 
nuclear  power  plants  directly  influenced  the  yield  strength  of  the  weldment  [20].  TIG  welding  technique  is  good  enough  to 
be  used  for  weld  braze  joints  of  aluminium  alloy  and  galvanised  steel  [21]. 

Above  stated  literature  survey  has  revealed  that  lots  of  research  work  is  being  done  to  explore  numerous  aspects 
of  TIG  welding.  It  has  also  been  observed  that  mechanical  properties  (tensile  strength  in  most  of  the  cases)  of  the 
weldment  are  considered  to  be  the  prime  indicator  of  the  quality  of  sound  weldment.  Very  few  researches  have  been 
observed  on  application  of  TIG  welding  on  boiler  steel  materials  and  specifically  the  materials  in  current  study  have  not 
been  explored  by  fellow  researchers.  So  here  in  an  attempt  has  been  made  to  explore  tensile  strength  of  similar  and 
dissimilar  TIG  welded  specimens  of  boiler  tube  steel. 


Figure  1:  Welded  Boiler  Tubes 


MATERIALS  AND  METHODOLOGY 

A  Variety  of  boiler  tubes  are  being  used  in  the  boiler  fabrication  industry  such  as  Tll,  T22,  T99  etc.;  ASME  SA 
213  GR.  Tll  (hereafter  also  referred  to  as  A)  and  BS  3059:1987  PT  1  ERW  320  (hereafter  also  referred  to  as  B)  tubes  find 
their  application  in  boiler  fabrication  units  based  in  lalandhar  (Punjab).  So  these  two  material  types  were  used  in  the 
present  study. 
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Figurel  shows  the  welded  boiler  tubes  and  Table  1  shows  the  chemical  composition  of  the  tube  materials  used  in 
the  present  study.  Filler  wire  of  BS  3059:1987  PT  1  ERW  320was  used. 


Table  1:  Chemical  Composition  % 


Element 

BS  3059:1987  PT  1  ERW  320 

ASME  SA  213  GR.  Tll 

Manfacturer’s  Cert 

Observed 

Manfacturer’s  Cert 

Observed 

C 

0.12 

0.371 

0.12 

0.12 

Si 

0.21 

0.469 

0.68 

0.646 

Mn 

0.59 

1.01 

0.48 

0.511 

P 

0.018 

0.0367 

0.01 

0.007 

S 

0.004 

0.043 

0.01 

0.0031 

Cr 

1.17 

1.11 

Mo 

0.47 

0.469 

Ni 

0.04 

0.0527 

V 

0.01 

0.0021 

A1 

0.01 

Cu 

0.09 

Industry  practice  revealed  that  for  most  of  the  boiler  tube  materials  the  workpiece  is  required  to  be  pre  heated  at 
150°  to  200°  before  making  weld  joint.  So  in  the  present  study,  three  different  experimental  conditions  were  decided  to  be 
investigated  viz.  Welding  at  Room  Temperature  (RT),  Preheated  at  150°  (PH150)  and  Preheated  at  200°  (PH200)  referred 
to  as  levels  in  Table  2  below;  welding  current  and  gas  flow  rate  were  the  two  variable  process  parameters. 

Manual  method  of  welding  was  used;  the  two  process  parameters  included  in  the  study  were  welding  current  and 
gas  flow  rate.  Three  set  of  experiments  keeping  gas  flow  rate  constant  and  varying  current  in  three  different  levels  were 
carried  out.  Flow  1,  2  and  3  in  Table  2  refers  to  gas  flow  rate  of  8  Litre  /min,  10  Litre  /min  and  12Litre  /min  respectively. 


Table  2:  Different  Experimentation  Conditions 


S.  No. 

GAS  Flow 

Level 

Level  1  (RT) 

Level  2  (PH150) 

Level  3  (PH200) 

1. 

Flow  1 

90  A 

90  A 

90  A 

2. 

100  A 

100  A 

100  A 

3. 

110  A 

110  A 

110  A 

4. 

120  A 

120  A 

120  A 

5. 

Flow  2 

90  A 

90  A 

90  A 

6. 

100  A 

100  A 

100  A 

7. 

110  A 

110  A 

110  A 

8. 

120  A 

120 

120  A 

9. 

Flow  3 

90  A 

90  A 

90  A 

12. 

100 

100  A 

120  A 

11. 

110  A 

110  A 

112  A 

12. 

120  A 

120  A 

120  A 

EXPERIMENTAL  OBSERVATIONS 

Tensile  Strength  of  the  welded  specimens  was  tested  on  Universal  testing  Machine  (UTM)  of  FIE  make  installed 
at  Anand  College  of  Engineering  and  Management,  Kapurthala.  Specimen  from  welded  pipes  were  prepared  according  to 
ASTM  standards  as  shown  in  Figure2 
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Figure  2:  Tensile  Test  Specimen 

It  is  apparent  from  Table  3  that  parent  material  ASME  SA  213  GR.  Tll  has  much  more  strength  under  tensile 
loading  than  that  of  BS  3059:1987  PTl  ERW  320.  However  the  later  has  elongated  more  than  the  former. 

Table  3:  Tensile  Strength  of  Parent  Metals 


S.  No. 

Material 

Yield  Strength 
(in  N/mm2) 

Ultimate  Tensile 
Strength 
(in  N/mm2) 

Elongation 

1 

ASME  SA213  GR.  Tll 

192.55 

615.62 

24.04% 

2 

BS  3059:1987  PT  1  ERW  320 

170.07 

557.20 

25.04% 

The  similar  welded  specimens  (viz.  A-A  and  B-B)  were  tested  for  their  tensile  strength  on  universal  testing 
machine  (UTM)  FIE  make,  Model-UTE-40,  maximum  capacity  400kN  and  the  observations  have  been  recorded  in  Table 
4.  It  is  apparent  from  the  table  that  as  current  increases  the  tensile  strength  increases  till  110  A  of  current  and  thereafter 
decreases  almost  for  all  the  sets  of  experiments  however  some  exceptions  are  there,  they  may  be  due  to  experimental  error 
induced  due  to  uncontrolled  environmental  factors.  It  can  also  be  observed  from  table  4  that  maximum  tensile  strength  has 
been  yielded  by  the  specimens  welded  at  110  A  and  having  constant  gas  flow  of  10  Litre/  min.  As  far  as  ASME  SA  213 
GR.  Tll  is  concerned  the  maximum  tensile  strength  of  601.63  N/mm'  has  been  yielded  by  the  specimens  welded  without 
any  pre  heating  whereas  BS  3059:1987  PT  1  ERW  320  has  responded  well  by  yielding  tensile  strength  of  544.17 
N/mm2when  preheated  at  150°  before  welding. 

Dissimilar  metal  joints  of  the  same  materials  have  responded  differently  as  compared  to  the  behaviour  of 
individual  metals  while  welding  under  similar  situations  Table  5  depicts  the  tensile  strength  observations  of  dissimilar 
metal  joints  of  both  ASME  SA  213  GR.  Tll  and  BS  3059:1987  PT  1  ERW  320. 


Table  4:  Tensile  Strength  of  TIG  Welded  Similar  Joints  (in  N/mm2) 


Level 

Current 

ASME  SA  213  GR.  Tll 

BS  3059:1987  PT  1  ERW  320 

Flowl 

Flow2 

Flow3 

Flowl 

Flow2 

Flow3 

Level  1 

C1 

416.51 

513.26 

506.26 

401.25 

450.54 

453.32 

C2 

439.25 

542.49 

559.7 

410.69 

486.12 

481.43 

C3 

479.29 

601.63 

597.64 

426.91 

510.23 

506.24 

C4 

510.86 

578.42 

577.37 

445.63 

507.31 

506.58 

Level2 

C1 

425.12 

523.24 

510.23 

410.2 

477.29 

490.63 

C2 

442.65 

529.57 

516.79 

413.25 

520.29 

523.67 

C3 

485.32 

537.4 

535.32 

433.75 

544.17 

541.26 

C4 

518.29 

530.37 

527.19 

469.26 

541.55 

540.69 

Level3 

C1 

521.23 

529.38 

526.8 

398.26 

407.72 

421.87 

C2 

540.6 

535.3 

540.38 

400.53 

426.35 

437.13 

C3 

556.38 

568.18 

561.14 

416.22 

440.45 

439.84 

C4 

547.12 

552.71 

556.28 

435.52 

439.21 

443.57 
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It  is  clear  from  Table  5  that  in  case  of  dissimilar  joint  of  the  material  in  study  the  maximum  strength  of  563.49 
N/mm2  has  been  achieved  when  samples  preheated  at  200°  has  been  welded  at  110  A  under  the  shielding  of  10  Litre/min 
inert  gas.  It  is  worth  mentioning  here  that  all  the  samples  failed  on  BS  3059:1987  PT  1  ERW  320  side  of  the  weldment. 
Ductile  fracture  has  been  observed  by  visual  inspection. 

Table  5:  Tensile  Strength  of  TIG  Welded  Dissimilar  Joints  (in  N/mm2) 


Level 

Current 

Dissimilar  Joint 

Flowl 

Flow2 

Flow3 

Levell 

C1 

412.9 

416.23 

418.39 

C2 

427.24 

419.56 

429.85 

C3 

441.37 

459.29 

446.72 

C4 

449.58 

452.12 

460.78 

Level2 

C1 

439.29 

447.62 

489.78 

C2 

450.57 

479.97 

517.59 

C3 

467.13 

483.75 

539.16 

C4 

460.28 

488.27 

496.32 

Level3 

C1 

508.41 

532.82 

512.72 

C2 

523.46 

551.26 

534.38 

C3 

540.68 

563.49 

559.27 

C4 

535.28 

555.29 

552.3 

STATISTICAL  TREATMENT  AND  DISCUSSIONS 

The  Literature  has  suggested  the  use  of  statistical  tools  to  validate  the  experimental  data,  here  in  three  different 
levels  two  parameters  viz.  current  and  gas  flow  rate  were  considered  so  two  way  analysis  of  variance  (ANOVA)was  used 
to  test  the  experimentally  obtained  data  as  used  in  literature[22],  [23].  The  test  was  applied  on  three  set  of  data  two  sets 
belong  to  tensile  strength  data  for  ASME  SA  213  GR.  Tll  and  BS  3059:1987  PT  1  ERW  320  from  table  4. 

Following  are  three  null  hypotheses  taken  for  two  way  ANOVA: 

•  H()i=  The  effect  of  current  on  tensile  strength  variance  is  not  significant. 

•  H02=  The  effect  of  Flow  Rate  is  not  significant  on  variance  of  tensile  strength. 

•  H03=  The  interaction  between  current  and  flow  rate  is  insignificant. 

In  addition  to  ANOVA,  multiple  regression  test  has  also  been  used  to  develop  a  mathematical  model  to  predict  the 
optimum  tensile  strength  of  the  weldment  using  the  said  setting  of  parameters.  Again  ANOVA  has  been  used  to  test  the 
significance  of  the  fit  of  regression  model.  The  following  sub  section  describes  the  results  of  ANOVA  and  regression 
analysis  and  their  discussion. 

Similar  Joint  of  ASME  SA  213  Gr.  TU 

The  table  6  depicts  the  ANOVA  table  for  ASME  SA  213  Gr.  Tll  at  level  of  significance  of  5%  i.  e.  a=0.05.  f- 
statistics  for  current  is  5.14962  which  is  greater  than  3.354131  the  f-critical  for  the  same  and  p-value  0.012749  which  is 
smaller  than  that  of  a,  hence  H01  is  rejected,  in  other  words  the  current  has  significant  impact  on  the  variation  of  tensile 
strength  of  the  weldments.  Similarly  for  the  contribution  of  flow  rate  the  f-statistics  comes  out  to  be  13.89688  which  is 
greater  than  3.544131  and  p-value  is  0.0000709  which  is  again  smaller  than  a,  so  H02  is  also  rejected  i.  e.  flow  rate  of  gas 
has  significant  impact  on  tensile  strength  of  welded  specimen.  F-statistics  for  interaction  between  variables  is  3.519517 
being  larger  than  f-critical  2.727765  at  p-value  0.019495  which  in  turn  smaller  than  a.  Hence  H03  also  cannot  be  accepted. 
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That  is  both  the  variables  are  significantly  associated. 


Table  6:  ANOVA  Statistics  for  ASME  SA  213  GR.  Tll  Weldments 


Source  of  Variation 

SS 

df 

MS 

F 

P-value 

F  crit 

Current 

8599.724 

2 

4299.862 

5.149612 

0.012749 

3.354131 

Flow  Rate 

23207.44 

2 

11603.72 

13.89688 

7.09E-05 

3.354131 

Interaction 

11755.01 

4 

2938.753 

3.519517 

0.019495 

2.727765 

Within 

22544.66 

27 

834.9875 

Total 

66106.84 

35 

Table  7  shows  the  model  summary  of  regression  analysis,  multiple  correlation  coefficient  ‘R’  can  be  regarded  as 
one  measure  of  quality  of  dependent  variable  which  is  ultimate  tensile  strength  (UTS)  in  present  case.  0.651  as  a  value  of 
‘R’  reflects  good  level  of  prediction.  The  Value  of  the  coefficient  of  determination  (‘R2’)  represents  the  proportion  of 
variance  of  UTS  that  can  be  explained  by  the  process  parameters  of  the  present  study.  In  simple  words  it  can  be  said  that 
the  independent  variables  in  current  study  address  the  42.4%  variation  of  the  UTS. 

Table  7:  Model  Summary  of  Regression  Analysis  Simiiar  Weldment  (ASME  SA  213  Gr.  Tll) 


Model 

R 

R  Square 

Adjusted  R  Square 

Std.  Error  of  the  Estimate 

1 

.65  la 

.424 

.370 

34.50874 

“  Prcdictors:  (Constant),  Current,  Flow  Rate,  Temperature 

ANOVA  table  below  (table  8)  depicts  whether  the  overall  regression  model  represents  good  fit  for  the  data  or 
otherwise;  using  F-statistics.  It  is  clear  that  with  F  (3,32)=7.853,  p<0.005it  can  be  safely  declared  that  the  regression  model 
is  good  fit  of  the  data  for  the  similar  welding  of  ASME  SA  213  Gr.  Tll. 

Table  8:  ANOVA  Statistics  of  Regression  Analysis  for  Similar  Weldment  (ASME  SA  213  Gr.  Tll) 


Model 

Sum  of  Squares 

df 

Mean  Square 

F 

Sig. 

1 

Regression 

28056.583 

3 

9352.194 

7.853 

.000b 

Residual 

38107.311 

32 

1190.853 

Total 

66163.894 

35 

h  Predictors:  (Constant),  Current,  Flow  Rate,  Temperature 


The  generalised  equation  for  predicted  value  of  tensile  strength  of  this  material  can  be  written  from  the  regression 
analysis  as  below: 

UTS-ni  plc=3 16. 18+(  1-381  x  Current)+(5.6  x  Flow  Rate)+  (0.51  x  Temperature) 

Similar  Joint  of  BS  3059:1987  PTl  ERW  320 

The  Table  9shows  the  ANOVA  statistics  for  BS  3059:1987  PTl  ERW  320  at  level  of  significance  of  5%  i.  e. 
a=0.05.  For  current  f-statistics  are  26.08257  which  is  greater  than  f-critical  i.  e.  3.354131  for  the  same  and  p-value 
0.000000493  which  is  smaller  than  that  of  a;  hence  H0i  cannot  be  accepted  i.  e.  the  current  has  significant  impact  on  the 
variation  of  tensile  strength  of  the  weldments.  Similarly  for  the  contribution  of  flow  rate  the  f-statistics  comes  out  to  be 
26.91734  which  is  greater  than  3.544131  and  p-value  is  0.000000372  which  is  again  smaller  than  a,  so  H02  is  also  rejected 
i.  e.  flow  rate  of  gas  has  significant  impact  on  tensile  strength  of  welded  specimen.  Thirdly  f-statistics  for  interaction 
between  variables  is  3.441295  being  larger  than  f-critical  2.727765  at  p-value  0.021353  which  in  turn  smaller  than  a. 
Hence  H03  also  cannot  be  accepted.  That  is  both  the  variables  are  significantly  associated. 
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Table  9:  ANOVA  Statistics  for  BS  3059:1987  PT  1  ERW  320  Weldments 


Source  of  Variation 

SS 

df 

MS 

F 

P-value 

F  crit 

Current 

26977.44 

2 

13488.72 

26.08257 

4.93E-07 

3.354131 

Flow  Rate 

27840.86 

2 

13920.43 

26.91734 

3.72E-07 

3.354131 

Interaction 

7118.727 

4 

1779.682 

3.441295 

0.021353 

2.727765 

Within 

13963.18 

27 

517.1546 

Total 

75900.2 

35 

In  Table  lOmultiple  correlation  coefficient  ‘R’  comes  out  to  be  0.672  thereby  indicating  good  level  of  prediction 
of  UTS  for  this  set  of  experiments.  Likewise  from  the  value  of  the  coefficient  of  determination  (‘R2’)  it  can  be  said  that  the 
current,  flow  rate  of  gas  and  temperature  conditions  in  current  case  explain  45.2%  variability  of  ultimate  tensile  strength. 

Table  10:  Model  Summary  of  Regression  Analysis  Similar  Weldment  (BS  3059:1987  PTl  ERW  320) 


Model 

R 

R  Square 

Adjusted  R  Square 

Std.  Error  of  the  Estimate 

1 

.672a 

.452 

.401 

36.23701 

aPredictors:  (Constant),  Current,  Flow  Rate,  Temperature 

ANOVA  table  for  regression  analysis  of  BS3059:1987  PTl  ERW320  shown  below  (Table  11)  depicts  that  the 
regression  model  holds  good  fit  for  this  case  of  investigation  also  as  F-statistics  F  (3,  32)  =  8.800,  p<0.005  i.  e.  effect  of 
independent  variables  is  well  described  by  the  regression  model  associated  to  present  case  of  study. 

Table  11:  ANOVA  Statistics  of  Regression  Analysis  for  Similar  Weldment  (BS  3059:1987  PTl  ERW320) 


Model 

Sum  of  Squares 

df 

Mean  Square 

F 

Sig. 

1 

Regression 

34664.891 

3 

11554.964 

8.800 

,000b 

Residual 

42019.866 

32 

1313.121 

Total 

76684.757 

35 

h  Predictors:  (Constant),  Currcnt,  Flow  Rate,  Temperature 


The  generalised  equation  for  predicted  value  of  tensile  strength  of  BS  3059:1987  PTl  ERW  320  material  can  be 
written  from  the  regression  analysis  as  below: 

UTS3059pre=277.538+(1.287  x  Current)+(6.374  x  Flow  Rate)  -  (0.147  x  Temperature) 

Dissimilar  Joint 

Statistics  for  dissimilar  weldment  has  been  shown  in  table  12.,  apparently  f-statistics  for  current  here  are  99.73831 
much  higher  than  f-critical  3.354131  and  p-value  is  also  very  small  as  compared  to  a=0.05.  It  reflects  the  importance  of 
current  in  dissimilar  weldments.  Likewise  F-statistics  for  flow  rate  is  higher  than  f-critical  and  p-value  is  also  smaller  than 
a;  depicting  the  significant  influence  of  the  independent  variable  over  the  dependent  one,  on  the  same  pattern  interaction 
between  variables  is  also  significant  thereby  rejecting  H01,  H02  and  H03. 
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Table  12:  ANOVA  Statistics  for  Dissimilar  Weldments 


Source  of  Variation 

SS 

df 

MS 

F 

P-value 

F  crit 

Current 

64054.87 

2 

32027.44 

99.73831 

3.39E-13 

3.354131 

Flow  Rate 

3879.257 

2 

1939.629 

6.040298 

0.006791 

3.354131 

Interaction 

3845.089 

4 

961.2723 

2.993548 

0.036268 

2.727765 

Within 

8670.097 

27 

321.1147 

Total 

80449.32 

35 

Model  summary  for  the  regression  model  depicted  in  Table  13  indicates  excellent  level  of  prediction  of  dependent 
variable  i.  e.  ultimate  tensile  strength,  as  apparently  the  multiple  correlation  coefficients  ‘R’  for  dissimilar  weldment  case  is 
0.904.  Moreover  as  ‘R2’  =  0.816,  it  signifies  that  regression  model  for  dissimilar  weldment  case  is  able  to  explain  the 
variance  of  output  parameter  by  an  extent  of  81.6%. 


Table  13:  Model  Summary  of  Regression  Analysis  Dissimilar  Weldment 


Model 

R 

R  Square 

Adjusted  R  Square 

Std.  Error  of  the  Estimate 

1 

.904a 

.816 

.799 

21.48482 

aPredictors:  (Constant),  Current,  Flow  Rate,  Temperature 

Significance  of  Regression  model  is  reflected  from  ANOVA  results  in  Table  14  below.  F-statistics  for  regression 
analysis  of  dissimilar  weldments  of  ASME  SA  213  Gr.  Tll  and  BS3059:1987  PTl  ERW320,  F  (3,  32)  =  47.428  and 
p<0.005  apparently  indicates  that  the  regression  model  holds  very  good  fit,  in  other  words  interaction  between  the  process 
parameters  and  the  weld  quality  indicator  taken  for  the  current  study  is  well  explained  by  the  regression  model. 


Table  14:  ANOVA  Statistics  of  Regression  Analysisfor  Dissimilar  Weldment 


Model 

Sum  of  Squares 

df 

Mean  Square 

F 

Sig. 

1 

Regression 

65678.202 

3 

21892.734 

47.428 

.000b 

Residual 

14771.115 

32 

461.597 

Total 

80449.317 

35 

bPredictors:  (Constant),  Current,  Flow  Rate,  Temperature 


In  generalised  form  the  prediction  of  the  ultimate  tensile  strength  for  dissimilar  weldment  of  ASME  SA  213  Gr. 
Tll  and  BS  3059:1987  PTl  ERW  320  can  be  made  from  following  equation: 

UTSdissimi|ar  pre=299.552+  (0.847  x  Current)+(2.747  x  Flow  Rate)  +  (0.543  x  Temperature) 

CONCLUSIONS  AND  FUTURE  SCOPE 

The  present  study  was  aimed  at  investigating  tensile  strength  of  TIG  welded  joints  of  boiler  steel  tubes  subjected 
to  various  ambient  conditions  for  similar  and  dissimilar  weldments.  The  outcomes  of  the  current  study  have  indicated  the 
important  influence  of  the  variable  process  parameters  in  determining  the  tensile  strength  of  the  weldments,  the  results 
depicted  are  on  the  same  track  as  discussed  in  literature  [24]  and  [25].  The  following  conclusions  have  been  drawn  from 
the  current  study: 

•  Similar  weldment  of  ASME  SA  213  Gr.  T1 1  material  yielded  maximum  Ultimate  Tensile  Strength  of  601.63MPa, 
when  welded  at  1 10A,  under  the  inert  gas  flow  of  10  Litre/min  without  any  preheating. 

•  BS  3059:1987  PTl  ERW  320  has  shown  maximum  tensile  strength  of  544.17MPa  at  110A  current  and 
lOLitre/min  flow  rate  of  inert  gas,  when  preheated  at  150°  C  before  welding. 
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•  Dissimilar  weldment  has  responded  with  maximum  tensile  strength  of  563.49MPa,  when  preheated  at  200°  and 
welded  at  1 10A  current  and  flow  of  gas  as  12  Litre/min. 

•  BS  3059:1987  PTl  ERW  320  yielded  improved  tensile  strength  in  dissimilar  weldment  than  that  its  parent 
strength,  when  it  was  pre  heated  at  200°. 

•  Multiple  regression  predicted  maximum  ultimate  tensile  strength  significantly  from  the  variable  i.  e.  current,  flow 
rate  and  temperature.  All  the  three  variables  statistically  significantly  added  to  the  prediction  as  per  the  equation 
UTStii  pl-e=3 16. 18+(  1.381  x  Current)+(5.6  x  Flow  Rate)+  (0.51  x  Temperature)  for  ASME  SA  213  Gr.  Tll. 

•  Statistically  significant  contribution  of  the  said  variables  was  explained  by  multiple  regression  for  the  prediction 
of  UTS  for  BS  3059:1987  PTl  ERW320  as  per  the  equation  UTS3059  pre=277.538+(1.287  x  Current)+(6.374  x 
Flow  Rate)  -  (0.147  x  Temperature) 

•  Likewise  the  multiple  regression  for  dissimilar  weldment  proved  statistically  significant  effect  of  the  process 
parameters  on  output  as  per  the  equation  UTS  dissimilar  pre=299.552+  (0.847  x  Current)+(2.747  x  Flow  Rate)  + 
(0.543  x  Temperature) 

No  effort  can  be  claimed  to  be  perfect  in  all  respects  when  it  is  the  question  of  research  work,  there  is  always 
scope  for  future  researchers  to  carry  forward  the  research.  Certain  constraints  have  led  to  some  limitations  in  present  study 
which  are  surely  scope  for  future  work  to  be  continued.  Following  are  the  said  aspects: 

•  Other  mechanical  properties  such  as  Torsion  strength,  fatigue  strength  and  microstructural  investigations  can  be 
carried  out. 

•  More  Process  parameters  can  be  included  in  the  study. 
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